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SUBSYSTEM COST DATA POR THE TRITIUM SYSTEMS TEST ASSEMBLY®

John R. Bartiit, James L. Anderson, and V. G. Rexroth

Lov Alamos National Lsboratory
P.0. Box 1663, MS-C348
Los Alamos, NM 87545

ABSTRACT

Detajls of subsystem costs are among the ques~
tions wor: frequently asked about the $14.4 million
Tritium " ystems Test Assembly (TSTA) at Los Alamos
Nations® Laboratory. This paper presents a breakdovn
of cost components for esach of the 20 major subsystems
of T5TA. Also included are details to aid in adjust-
ing thc costs to other years, contrecting conditions,
or system sizes.

I, INTRODUCTION

The purpose of the Tritium System> Test Assembly
(TSTA) at Los Alamos National Lgboratory is to develop
and demonstrate the deuterium-tritium fuel processing
sysicms and associated safaty and enviroanmental pro-
tection systems required for commercial-scale fusion
poWer reactors. In sddition to data on systems
design, operation and reliability, data of intercst
to be furnished the fusion community by TSTA inclulc
data on subsystem costs to allov informed planning
and budgeting for future machines.

Expenditures at TSTA totaled $14.4 million be-
tween the start of the project in January 1977 and the
end of wajor construction in October 1982, This tutal
included building wodifications, design, all capital
equipment, and about 90 man-years of effort in mansge-
went and ataff for process design, analysis, small
fabrication, and partial development of contvol soft-
wara. The detailed breakdown and explanation of these
costs for 20 subsystems is the subject of this paper.
The 90 man-yeara of staffing (worth §5.2 million) vere
allocated to tha project as a vhole with no effort to
ascribe portion- to individual suhbaystems.

Also included is information that will be useful
in extrapolating the costs to different situations,
for example, different years or eystem sires.

TI. BRIEF DESCRIPTIONS OF SUBSYSTEM PUNCTIONS

Costs are broken out in Teble 1 for the capital
and installation costs of subaystews at TSTA. A few
worda are necessary to explain tne general configura-
tion and function of equipment in each subsyatem,
Further details on components in each subaystem are
contained in Table II, Table I1 aleo has literature
refevences to nore complete Jdegcriptions previoualy
published on some of the major subsystems.

In order of the subsystem numbers shown in the
tables, the TSTA subsystems function as follows:

1. Chamber evacuation {s the pump train that removes
the apent fuel mix and {mpurities from the re-
action cheaber,

2. Trannfer pumpa are those that circulate the fue!
nix for processing at about one atmosphere
pressure.

¥Thie work {a supported by the Office of Pusion
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Fuel cleanup processes the spent fuel to remove
gaseous impurities and decomposes them to re-
cover tritium and deuterium for reuse.

Isotcpe separatirn is four, interlinked, cryo-
genic distillation columns chat produce four
streams - HD, Dy, Ty, and DT - of high
isotopic purity.

Storage beds are beds of activated uranium for
gettering and storing a maximum of 37 g. mole of
hydrogen isotopes each.

Gas analysis is the system (primavily gas
chromatographs) for anslyzing concentrations of
iwpurities (Hy0, Ar, NH3, COp, CO, and CR;) 2nd
B and N throughout the process flow loop.

Tritium monitoring includes mainly ioniuation
chambers for monitoring the roomw, glovehoxes,
the stack and duct to the stack.

Secondary containment is the glnvebixes and tueir
operational controls.

Tritium waste treatment processes gloveb(x atro-
spheres to capture tritium.

Emeryency room cleanup processes the room atmo-
sphe ‘e to capture tritium.

Building ventilation controls room pressures and
air flow routinely and in case of accidental
tritium release.

Data acquipition and control includes two re-
dundant proces. computers and two safety com-
puters plus interfacing with the process,
viring, and many instruments.

Unintecruptable powar je & bartery supply mainly
to ke. ' the computers and tritium monitoring
inetruments operational.

Emergency genarator provides backup power.

Sclid warte disposal {s a glovebox for handling
and packaging solid vastes in preparation fo~
disposal.

Inventory control {s a glovebox with standard-
volume tanke to which hydrogen {sotopes from the
TSTA process loop are pumped at least semi-
annually for accounting purposes.

Experimental contamination laboratory is a amall,
off-line facility for experiments on tritfum bar-
riers and decontamination methods.

Utilities include the particular machanical and
eloctrical arivices needed in a building that
previously had thess generai services,



19. Physical plant included the disposcl of old
equipment, and new roofing, fencing, control
room air conditioning, parking lots, and fire
protection.

20. Impurity eimulation adds the impurities expected
in the exhaust gases from a tokamak reactor.
This subsystem is not needed in applications
involving real reactors.

Y11, EXPLANATORY COMMENTS ON TABLES

Tables I, 1, and III contain the subsystem cost
data, together with additional information useful for
adjusting the costs to other situaticz:. The sddi-
tional information includes: years in which major
expenditvres occurred, whether work was done in-house
>r by ou:side contract, de.ails on components of cost
included or encluded (Table II) and information for
helping estimate costs for different size, but simi-~
lar, systems (Table II1). Table IV summarizes the
overail total costs for TSTA,

All process design was done in-house and the
cost of design is included in the $5.2 million cost
for TSTA staf{ (see Sec, I.). The cost of mechanical
design for items contracted outside appears in the
capital cost and for items done in-house is included
either in TSTA staff cost or in "installation design
and inspection" (Table IV). Fabrication coste for
basic crafts, contracted items, and mejor shop work
#re included in the capital or installation costs.
fmall, specialized fabrication was done by staff
technicians and the cost is included in staff cost.

The cost of all gloveboxes except those wssoci-
ated witii subsystems #4 end #15 is included in sec-
ondary conta’nment (subsystem #8). The cost of wost
subsystem instrumentation is included in data acquisi-
tion (subaystem #i2) axcept for instrumentation for
the two, major contracted mubsystems (subsystems #3
and #4), which were delivered complete with instru-
mentation,

Essentially all gas analyeis and tritium moni-~
toring, even if associated with another subsystem, was
coated as part of the analysis subsystems (#6 and ¢#7),

The intent nf this paper is to present costs for
construction, but not operation, of the TSTA.
Rowever, the line betwean tha two, looked at either
by time or activity, is not always clearly defined.
Examples of mmbiguous tasks are rectification of hard-
% 4 deficlencies uvncovered during checkout, and con-
trol softwAre development. A few ccaste that could be
listed under construction are not accounted for in
the tablas. These are the cost for writing control
softvare for some individual process systems (denign
of the major and lLigher order cont.:ol software is
fncluted in staff cost) and the cost for installaiion
of some intersystew process tubing (mainly 1/4-f{n.
tubing conuecting glovebores)., Other costs not ap-
paaring in the tables are the 200t of {{ive glove-
boxee withouwt controle wnd the cost for sufficlient
(2000+ gal.) liquid nitrogen atorage dewars, which
TSTA obtained free of charge from sources of surplus
equipment.



IV. COST TABLES

Table 1

Capital and Installation Costs of Subsystems

Capital cost Yr. of major Mech, design Installation ccet®
Subsystem $X cap. expend. end fab, ] $K
1. chamber 200 1978-79 commerciul parts 73
evacuation + in-house
2. transfer pumps 111 1977 commercial 112
pumps
3. fuel cleanup 1,000 1980 iudustrial 70
contract
4. isotope 1,237 1978 industrial 63
separation contreant
S. storage beds 60 1981 in--house 10
6. gas analysis 119 1979 commercial 26
instrumeats
7. tritium 193 1978-82 commercial parts i3
wonitoring + in-house
8., vyecondary 182 1978-82 cormercial boxas 30
containment
9. tritium waste 343 1980-81 commercial parts 69
treutment + in-house
10. emergency room 382 1979-80 commercial parts 357
cleanup ¢+ in-house
11, building 154 1978-79 contract —
ventilation
12, data acquisition 1,379 1979-81 commercial 531
& control
13, uninterruptable 95 1980 commercial unite 44
power
14. emergency 100 1980 commercial unit 168
generator
15. solid waete 23 1980 commercial —
dimponal parts
16. inventory control 25 - in-<houae 11
17. experimental 54 1981 comearcial 94
contamination parte
laboratory
18, utflitiea 378 1977-78 laboratory -
contractor
19. physical plant 730 1977-78 laboratory -
contrartor
20, dwpurity simulation 26 - in-house o
TOTAL 6,791 1,693

*Installation Aesign and {nspection not included; mee Table IV.



Table 1I

Components Included and Excluded in Subsystem Costs

Lit.
Subsystem ref. Components included Components excluded
1. chamber 2. reference system, other cryopumps
evacuation secondary contaimment,
1 cryopump + tests,
scrall pump, blower, turbo
2, tranefer pumps 3. reference system,
12 metal-bellows pumps,
100 valves, 20 pressure
transducers, 1 2croll pump
3. fuel cleanup 4. reference system, glovebox, software,
insiruments, guaranteed purification
instrumentation & control,
control software,
integrity test
4. 1isotope separation 5. refcrence system, guarinteed separaticn;
refrigerator, (420 W @ 20K), LN; storage
integrity test, devars (no charge)
LN; distribution system
S. storage beds beds, heaters, vacuum pump
instrumentation
& associated plumbing
6. gec analysis instrumenr data etations, calibration gas apparatus
sample lines
7. tritivm monitoring ion chamber ¢ electronics
for room, glovebox, duct, &
stack monitor
8., secondary 5 boxes; O & pressure Ty monitors, 5 boxes obtained
containment instrument & controls free, 2 boxes with other
for 13 boxes subsystems
9. tritium waste compressor, catalytic
treatment oxidizer, driers,
{nstrumentation for
processing glovebox atm.
10, emergency romm 6. reference systenm,
¢ leanup spare compressor
11. building special valving, blower, heating and ventilating
_ventilation ducte, stack units existed
12. data scquisition & 7. referance system, some major subs,stem
control computers, signal instrumentation
conditioners, wiring,
some instrumentation
13, uninterruptable unite, {nstrumentation &
pover controls for 1/2 hour
pover @ 100 kw
14. ewergency protective shed, unit,
generator instrumentation &
controls for 30 hr.
powear 8 750 RVA
1%, solid wante diaposal glovebox & fume hood storage drums, burjal
16. inventory coutro) standard volume, pressure dynamic (on-1ine)

standard, {nstrumentation,
valving

accounting
fnstrumentation



Table II (cont)

Components Included and Excluded in Sussystem Costs

Lit,
Subsystem ref. Components included Components excluded
17. experimental dedicated cleanup eystem T2 monitors
contamination
laboratory
18, utilities wechanical & electrical service to building
service in building
19. physical plant old equipment removal, building existed
building preparation,
roof, fence, fire,
control room heating
and ventilation
20. impurity simulation flov valves,

instrumentation



Subsysten

Table III

Approximate Dependence of Costs on System Size

Parameter
for scaling

TSTA value
of scaling param.

Comments on cost as f(size)

1. chamber
evacuation

2. transfer pumps

3. fuel cleanup

4. disotope
separatiun

S. storage beds

6. gas analysis

7. tritium
monitoring

8, secondary
containment

9, tritium wvaste
treatment

10, emergency room
cleanup

11. building
ventilation

12, data acquisiti
& con-rol

13. uninterruptable
nower

14, emergency
generator

15. solid waste
. disposal

16. inventory
congrol

17. experimental
cont aminatin
laboratory

18, utilitiss

19. hysical plant

20, impurity
simulation

pumping speed

vo. of pumps

fuel flowrate

fuel flowrate

no. of units

1o. of imstr.

no. of instr,

contained
volume

processing
1ate

air processing
rate

air flowrste
cowplex

complex

complex

none

none

3 3
m m
16; (H2)+3; (He)
12 metal bellows
pumps

360 g wol DT
day

360 § mol DT
day

6
10 gas
chromatograph
+ 1 infrared

analyzer

S0

13 Loxer (6 bought)

3
128 ao26pd

box
50 Cro

1500 CFPM

7500 CFM main cell
7500 CPM offices
100 ¥W

750 KvVA

modular; cos® is proportional
to total speed

modular, per pump
cost is nearly independent cf
+ 3 to 5-fold flow change

cost is nearly independent of
#* 3-fold flow change

wodular, per unit

modular, per instrument

modular, per instrument

boxes (w’o controls) = $4000/m3
(1980%)

scales vith glovebox atm.
flowrate

ecales with room volume
and cleanup time

independent of systen size



Table IV

Total Cost Summary for TSTA

Item

capits’ expenditures

laboratory capital overhead
installation

installation design & inspection

proiect staff (1977-82;

Tocal: design & major construction

V. SUMMARY

This paper has presented costs, broken out by
subsystem, for designing and constructing the TSTA.
Also included is information useful for adjusting the
costs to other situstions, such as to different years
or different size, but basicaily similar, eystems.

REFERENCES

[1) J. L. Anderson, "Tritium Randling Requirements
and Deveiopment for Fusion," in Proc. of the
IEEE, V. 69, No. 8, August 1981, pp. 1069-1080.

[2] D. O. Coffin and C, R. Walthers, “Vacuvum Pumping
of Tritiuwm in Fusion Power Reactors,” in Proc.
of B8th Symo. on Engr. Problems of Fusion Res.,
Nov. 13-16, 1979, San FPrancisco, CA, pp. 513-17.

{3} D, 0. Coffin, "A Tritium-Compatible Righ Vacuum
Pumpin; System," J. Vac. Sci. Technol., 20(4),
April 1982, pp. 1726-31.

[4] E. C. Kerr, J. R. Bartlit, and R. H. Sherman,
"Fuel Cleanup System for the Tritium Systems
Test Assenlly: Design and Experiments,” in
Proc. Tritium Technol. in Fission, Pusion and
Tsotopic Applications, April 29 - May 1, 1980,
Dayton, OH, CONF-800427, pp. 115-8.

{5] J. R, Bartlit, W. H. Denton, and R. R, Sherman
"Hydrogen Isotope Distillation for the Tritiwm
Systems Test Ascembly,” in Proc, of 3Ird Topical
Mtg. on Technol. of Contrulled Nuclear Fusion,
Hay 9-11, 1978, Ga.ta Fe, NM, CONF-780508,
pp. 77883,

[6] M. E. Muller, "Conceptual Design of an Emergency
Tritium Zieanup System," {in Proc. of 3Ird Topica)
Mtg. on Technoi, of Cuntrolled Nuclea- Fusion,
May 9-11, 197F, Santa Fe, NM, CONF-780508,
pp. 120-28,

[7) J. J. Damran, "Redundant Control Systems
Implemented for TSTA," i{n Proc. of lat Annual
vontrol Engr. Conf., May 18-20, 1982, Chlcago,
1L, pp. 189-196,

6,791
286

1,693

5,200

14,420

$K

$14.4 million



